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Figure1. a) Clinical system with large uncertainty and overall poor 
quality, b) Clinical system with reduced uncertainty and improved 
clinical benefit (quality) for the majority of treated patients. 
Figure 1 b) shows an outcome distribution for a system with improved 
quality.  In this situation, the vast majority of patients fall in the 
clinical benefit region and the overall uncertainty of clinical outcomes 
is reduced.  The quality improvement in radiation therapy can be 
defined as an effort to move a clinical system from the situation in 
Figure 1 a) to that shown in Figure 1 b).  This quality improvement 
and consistent operational level can be achieved through systems 
management, standardization, benchmarking, and a variety of 
industrial tools.  High level of quality and reliability cannot be 
achieved without a systematic approach to operations and clinical 
management.  In many aspects, Figure 1 is overly simplistic  
representation of the actual clinical operations and other concerns 
like timely and efficient care, cost,and the overall employee and 
patient satisfaction are not considered in this example.  Systematic 
approach to clinical decisions and operational management can lead 
to improvements in all of these areas.  In fact, most modern 
radiotherapy operations are very complex, have a relatively high risk 
for catastrophic failures, and involve significant cost and as such meet 
the very definition of operations which require systems 
approach. Direct translation of industrial methods to clinical 
environment is typically inappropriate and requires adaptation to 
result in meaningful improvements in clinical operations.    
This presentation will discuss: 
1) The role of quality and safety in radiation therapy 
2) Modern approaches to quality management which are adoptable to 
radiation therapy operations 
3) The role of automation, decision support, and knowledge based 
tools for management of safety and quality in radiation therapy 
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Over the past few years, due to the development of new radiotherapy 
equipments and complex techniques such as IMRT, IGRT and IMAT, the 
amount of quality controls (QC) required to check the equipment 
performance and the patient-specific treatment plans has increased 
and could be a barrier to the development of these techniques. 
Although we can find reports or guidelines regarding the procedures, 
protocols and detectors that are best adapted for each control, it 
remains difficult to find discussions on how to improve the dose 
delivery process by reducing variability and by defining action levels. 
In this purpose, we suggest that the quality control results should not 
only be analyzed in an individual manner by checking if the result is 
within predefined tolerances, but should also be analyzed from a 
process behaviour point of view. This is done by evaluating the 
position of the current result compared to all of the previous similar 
results. This will help to detect a potential drift of the whole process 
that could be missed when evaluating each result individually. As a 
consequence, this will help to increase quality. To perform this 
process analysis, an industrial method: the Statistical Process Control 
(SPC) has been used. SPC aims at controlling and improving the quality 
of a process through statistical analysis, by using two main tools: 
control charts and performance indices. 
Control charts (see Figure 1) are graphics that monitor the process 
over time, by using statistical control limits that distinguish random 
(natural) variations (i.e values within the control limits) from 
significant changes (special causes) that disturb the process. Thanks 
to the statistical control limits, the effects of special causes can be 
detected, and then actions can be undertaken to reduce or eliminate 
their effects. A process that is only subject to random causes of 
variation around the target value (i.e the perfect value to which each 
result should tend to, for instance having 0% of deviation between 
calculation and measurement) is statistically under control and thus 
statistically predictable.  
Performance indices quantify the ability of a process to produce data 
that are within predefined tolerances, at a precise moment. They give 
a value showing how far the results are from these tolerances and/or 
from the target. So, contrary to control charts, performance indices 
depend on the tolerances that are often chosen empirically, based on 
practice and experience, and thus on the QC’s method.  
In the presentation, we will show how SPC can be used to monitor the 
IMRT pre-treatment quality controls and to make the dose delivery 
process under control. The aim is to increase the security of each 
patient’s treatment while controlling the whole dose delivery process, 
without increasing time devoted to the analysis. 
We are convinced that SPC should help to secure and to improve 
quality of many processes in radiotherapy and could serve as a 
common language to evaluate processes’ performance. Moreover, the 
ultimate goal of SPC is, considering a process is under control, to 
streamline the amount of QC in a safe statistical environment by 
taking objective decisions to balance resources and quality. 
 Figure 1: Example of a control chart displaying three potential special 
causes. This process is out of control. 
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It has been estimated (UNSCEAR, 2000) that there are worldwide 
about 2000 million X-Ray studies, 32 million nuclear medicine studoes 
and over 6 million radiation therapy treated annually, and the 
numbers are constantly increasing. 
The process of radiotherapy (RT) is complex and involves 
understanding of the principles of medical physics, radiobiology, 
radiation safety, dosimetry,radiation treatment planning, simulation 
and interaction of radiation with other treatment modalities. Each 
step in the integrated process of RT needs quality control and quality 
assurance (QA) to prevent errors and to give high confidence that 
patients will receive the prescribed treatment correctly.Recent 
advances in RT, including intensity-modulated and image-guided RT, 
focus on the need for a systematic RTQA program that balances 
patient safety and quality with available resources. It is necessary to 
develop more formal error mitigation and process analysis methods, 
such as failure mode and effect analysis, to focus available QA 
resources optimally on process components. External auditprograms 
for RT can serve to improve patient safety and quality of care, 
andthus are also effective; these can be found in some national or 
international regulatory authorities and professional societies. 
In addition to an on-site audit, an off-site audit, such as a postal 
dosimetry audit program, is necessary to assure the dose from RT 
equipment. For more than three decades, some international 
authorities and national/continental professional societies have 
operated some independent dosimetry audits (postal 
thermoluminescent dosimetry (TLD) or radiochromic films dose-
auditing programme) for more than 2000 RT institutions in 120 
countries. A global and steady improvement in the performance of 
dosimetry audits has been occurring so that ~95% of the participating 
institutions are within the 5% acceptance limit for beam calibration. 
